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Abstract: Portal hypertension (PHT) Ls responsible for the more severe and 
often leihal coTOplicadons of cirrhosis such as bleeding oesophageal varices, 
ascites, renal dysfunction and hepatic encephalopathy. Because of the 
combined impact of these complications, PHT remains the most important 
cause of morbidity and mortality in patients with curhosis. Over the years, ii 
has become clear ihat a decrease in portal pressure is not only protective 
against the risk of variceal (re)bleeding but is alsg associated with a lower 
long-term risk of developing complications and an improved long-term 
survival. A milestone in therapy was the introductiou of non-selective (5- 
blockers for ihe prevention of bleeding and rebleeding of gastro-esophageal 
varices. However, in practice, less than half the patients under p-blockade are 
protected from these risks, supporting the overall detnand for innovation and 
expansion of our therapeutic armamentarium. Recent advances in the 
knowledge of the pathophysiology of cirrhotic PHT have directed Aiture 
therapy towards the increased intrahepatic vascular resistance, which, in part, 
is determined by ati increased hepatic vascular tone. This increased 
vasculogenic component provides the rationale for the potential use of 
therapies aimed at increasing intrahepatic vasordaxing capacity via gene 
therapy, liver-selective nitric oxide donors and statincs on the one hand, 
and at antagonizing excessive intrahepatic vasoconstrictor force through 
the use of endothelin antagonists, angiotensin blockers, ai adrenergic 
antagonists or combined ar and non-selective p^blockers or somatostatin 
analogues on the other. The focus of this review is to give an update on the 
pathophysiology of PHT in order lo ehicidate these potendal novel siraifcgies 
subsequently. 
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Portal hypertension (PHT) is characterized by an 
increase in portal vein pressure as a result of 
impediment to portal jEJow (1). Depending on the 
level of impediment, PHT is classified as either 
prehepatic, intrahepatic or posthepatic. Intrahe- 
patic PHT is most often caused by cirrhosis, 
either alcoholic in origin or because of chronic 
HBV or HCV infection, and affects over 90% of 
patients with PHT in Europe and the USA (1). 
Taking into account the high prevalence of HCV 
worldwide and the emergence of non-alcoholic 
fatty Uver disease, the incidence of intrahepatic 
PHT is not expected to decrease in the next 
decennium (2). 

An innovating and challenging concept that 
has received considerable attention over the last 
few yeans is that PHT, in order for it to become 
clinically relevant, should increase above a critical 
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threshold. The use of an mvasive techtfique 
measure the hepatic venous pressure grad ent 
(HVPG), which reflects the gradient bet 
portal vein and vena cava pressuire, has j^layejd 
major role in the construct of this com 
has therefore become indispensable at 
clinical trials for PHT (1, 3, 4). It is now g^erklly 
agreed that the HVPG should increase 4bove a 
threshold of 12mmHg for complications of PHT 
such as ruptured oesophageal varices andl ascites 
to occur (5-7), Several clinical-haemocr^nainic 
correlations have supported the prindpffe of a 
critical threshold as longitudinal studiej hive 
demonstrated a decrease in variceal size|;indfatt 
increased survival when the portal pressiajre 
dient could be reduced below this threshold (8^ 
or when a reduction in HVPG of at least 20% 
the baseline values could be obtained tt9-] 
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Furthennore, it was recently shown that achiev- 
ing these goals not only protected against risk of 
variceal rebleedijxg but also markedly reduced the 
long-term risk of developing other comphcations 
of PHT (hepatic encephalopathy^ spontaneous 
bacterial peritonitis, hepatorenal syndrome), 
and unproved survival over an 8-year follow-up 
period after the index variceal bleeding (13). 
Therefore, these targets have now become the 
therapeutic aims in the tieatment of PHT. 

The available amiamentarium to do so is far 
from satisfactory. Since its introduction more than 
20 years ago by Lebiec et al, (14) for the preven- 
tion of variceal rebleeding, and a few years later by 
Pascal and Cales (15) for primary prophylaxis, 
non-selective P-blockers have remained the cor- 
nerstone in the treatment for PHT (16, 17). How- 
ever, a long-term decrease in portal pressure is 
achieved only in 30-40% of patients (9), whereas 
an additionally estimated 10-20% of patients 
discontinue p-blockers because of intolerance 
(18, 19). As a conseqxience, the search for potential 
new strategies is emerging and is linked to the 
growing interest in the pathophysiology of PHT. 

The present review aims to provide an update 
on the pathophysiology of PHT and to duddate 
the different proposed novel strategies starting 
from this background. 



Patltophysiolagical fiasis of PHT 

According to Ohm's law {AP -QxR), changes 
in portal venous pressure are proportional to 
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alterations in blood flow and 
normal liver, intrahepatic resistance 
variations in portal blood flow, thei 
portal pressure within normal limits, 
however, both intrahepatic resistani 
chnic blood flow are increased (19, 20| 
ting factor is an increase in intrahep; 
resistaiice (IHVR), whereas the 
splanchnic blood flow is a seconda 
enon that maintains or worsens tl 
portal pressure and gives rise to the hj 
systemic state, characterized by an im 
rate, cardiac output, plasma volume! 
overall vascular resistance (19) (Fig. 
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Increased intrahepatic vascular tone: cellu]||r 
humoral components 

The increased IHVR is a consequence 



alteration in the hepatic microcirculs^ion 
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has long been thought of to be 'fixed' _ 
non-modifiable, because of fibrosis, ;)iro; 
nodule formation and coUagenizatio i Cc|a] 
ization') of the space of Disse (Fig. 2A ; 
The pioneering work by Bhathal anc 
(21) demonstrated that the increased : 
isolated perfused cirrhotic rat liver 
reduced by vasodilators. They esti|(iateld 
this active, dynamic modifiable -^^^^ 
IHVR accounted for 30% of the total 
and suggested, as a basis for their miix 
an increased number of a special type! ?f 
tile cells in a strategic location witliin t ne t 
nodule may modulate, through cont|action 
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resistance of the hepatic vascular bed to portal 
inflow. This hypothesis induced the search for 
contractile elements vvithin the liver and for 
abnormalities in the mechanisms regulating cell 
contraction. Although other cellular elements 
such as the vascular smooth muscle cells of the 
intrahepatic vasculature (i.e. small portal venules 
in portal areas) may also be involved, many 
studies have pointed out a dominant role for 
the activated hepatic stellate cells (HSCs) and/or 
the hepatic portal and interface myofibroblast 
(19, 22-24). To date, it is not yet clear whether 
different cell populations are present or whether 
it concerns different phenotypic configurations of 
a similar cell type (25). It is clear, however, that as 
a result of liver cell injury, perisinusoidal HSCs 
undergo a striking morphological and functional 
transition to a *myofibroblast-hke' phenotype 
with increased fibrogenetic, contractile, immuno- 
modulatory and migratory potential (26). Be- 
cause of their location around the sinusoid and 
the expression of smooth muscle-like proteins, 
activated HSCs by contraction reduce the calibre 



bf Dissis: 
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of the sinusoid (23, 27). Therefore, a reseitiblajice 
to pericytes, a cell type with smooth [inus cle 
features that is thought to regulate blood flow 
via pericapillary constriction, has been suggested 
(22) Portal myofibroblasts and interfacerbiy<)fi- 
broblasts reside, respectively, in the fibrousse]:)ta 
and the portal tracts and at the interface ekwtjen 
liver parenchyma and fibrotic septa. Bojii may 
contribute by compressing the venous cflanrr 
and shunts that are present within these ^pta 
An additional feature in the active IHVR is 
imbalance in vasoactive substances. In cilfhoiis. 
there is an overexpression locally and/or sMsteiii' 
cally of (neuro)humoral vasoconstriciors, I 
norepinephrine (NE), endothelins (ETsu^g 
tensin-II (AT-II) and leukotrienes, leadin| 
increased vascidar tone of the cirrhotic ] 
Well as to an exaggerated response (*h} 
sponsiveness') of the hepatic vascular bed tb soijne 
of these mediators (28, 29), Of these vdlJoccn- 
strictors, ET-1 seems the most potent onij Be th 
hepatic concentration and ET receptor expl sssi on 
are increased in human and experimental cii rhopis 
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(30), The ETA-receptor subtype, present on vas- 
cular contractile cells, causes vasoconstriction, 
while the ETe-receptor subtype on endothelial 
cells is believed to cause vasorelaxation by stimu- 
lating endothelial nitric oxide synthase (eNOS) 
(28) (Pig. 3). Furthermore, ET-1 has also been 
reported to induce a strong pro-fibrogenetic re- 
sponse, emphasizing its role not only in the active 
dynamic but also in tlie ^passive' intrahepatic 
resistance (31, 32). 
A second major player is AT-II. Arroyo et al. 

(33) showed that the renin-angiotensin-^ldoster- 
one system (RAAS) was implicated in the regula- 
tion of portal blood flow. Recently, Bataller et al, 

(34) described that stellate cells express the AT-I 
receptor, which leads to contraction and prolif- 
eration. Additionally, as is the case with ET-1, an 
autocrine source of AT-II became apparent, in- 
dicating that stellate cells harbour aU the compo- 
nents for local signalling in response to AT-II (35) 
(Fig. 3). Bataller et al. (36) also documenred that 
AT-II is a fibrogenic cytokine through the gen- 
eration of radical oxygen species by NADPH 
oxidase stimulation, as inhibition of NADPH 
oxidase of the AT-1 receptor attenuated liver injury 
and fibrosis. 

A third factor is the influence of the adrenergic 
neurohumoral system. Oben et al. (37) tested the 
hypothesis that HSC respond to and produce 
sympathetic nervous system neurotransmitters. 
In cultured HSC and intact mice with Uver injury, 
it was shown that HSCs expressed adrenoceptors 
and catecholamine biosynthetic enzymes and that 
they released NE. In Dbh(-/-) mice, which 
lack dopamine P-hydroxylase, the liver injury- 
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related fibrogenic responses were inh. rited, sug 
gesting an important role for neurohimioial fac- 
tors (Fig. 3). 

In contrast to the intrahepatic excels in vaso- 
constrictive potential, the intrahepatic trodu6tIon 
and/or availabihty of vasodilators remaps insuffi- 
cient. NO, the most well-known vasodilator sub 
stance, is a reactive, gaseous molecule y 
life of 3-5 s, produced from irarginine 
the three NQS isoforms. These isc 
categorized into two families of enzyme 

lial cells (eNOS) and neurons (nNOS,. 

distinct ^constitutive' NOS, whereas a v^ide variety 
of cells, mainly cells involved in inf Wniatory 
reactions, are capable of expressing th^ inducible 
form (iNOS). In the liver, both eNOS ind iNOS 
can be active. In chronic liver injury, tl te molecu- 
lar basis of the intrahepatic NO defi iency has 
uniformly been attributed to a decreasQd activity 
of the endothelial isoform (eNOS) (3{l40 (Fig. 
3). Whether this dysfunction is because^ of diiiiin- 
ished translation or complex posttratislatiotial 
modifications (such as the impaired serSp^ttreo- 
nifie kinase Akt activation of eNOS »id/3r in- 
creased interaction of eNOS with the fnhi ?itory 
protein caveolin-1) remains currently txder dis- 
cussion (38^), Besides a decreased pi)du^ction, 
there might also be an increased degratiation of 
NO (by formation of peroxynitrite) lecaxise of 
enhanced superoxide activity as a resuli jof j uper- 
oxide dismutase deficiency, leading to c imh ished 
bio availabihty of NO (42) (Fig. 4). 

In addition to NO, attention has receatly been 
drawn to carbon monoxide, CO. Similar tc NO, 
CO is a gaseous molecule with the ca paa ty to 
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/[^ff.-/. Proposed scheme of nitric oxide (NO) and superoxide 
agnallmg, adapted from (41). NO is a potent vasodilator acting 
thTough Bctivauon of soluble guanylyl cyclase in vasoactive 
rfTectof cells. Superojdde is abk to react with NO to form 
reactive nitrogen species, which do not have vasodilatoiy effects 
Increased superoxide Icvds, as a result of decreased superoxide 
dismutase activity, can therefore lead to increased peroxynitrite 
formation, as s,jch reducing NO bioavailability. Glutaihiono and 
NO may lead to possible storage of NO derivauvcs, 

relax smooth muscle cells through the activation 
of soluble guanylate cyclase. It was therefore 
suggested that CO could also participate in the 
regulation of intrahepatic blood flow (43). Intra- 
hepatic CO stems from the degxation of haeme by 
haeme^oxygenase (HO), leading to biliverdin and 
CO. Two HO isoforms have been characterized: 
HO-1, which is inducible by a variety of stressors 
such as hypothermia, cytokines, ischaemia, etc., 
and HO-2, which is thought to constitute the 
major en2yme activity in the Uver parenchyma 
(44). Recently, a second constitutive isoform has 
been found, HO-3, which is nearly devoid of 
catalytic activity and functions chiefly as a 
haeme-sensing or a haeme-binding protein (45), 
In normal liver, the topographic hepatic distribu- 
tion of tliese different isoforms is distinctly dif- 
ferent (46). Whereas HO-1 is observed only in 
Kuppfer cells, HO-2 is present in parenchymal 
cells but not in Kuppfer cells. Goda et al. (46) 
have documented that CO evoked by HO-2 in the 
pareuchymal cells and released in the space of 
Disse serves as the physiological relaxant of 
hepatic sinusoids in the healthy liver, while HO- 
1 is haemodynamically of no importance (Fig. 3). 
It must, however, be realized that CO is a far less 
potent mediator compared with NO as the ability 
of CO to activate soluble guanylate is approxi- 
mately 50 times weaker than NO (47). The 
specific role of CO in ihe increased IHVR asso- 
ciated with cirrhosis remains to be investigated 

Splanchnic hyperaemia and arterial vasodilation 

The second contributing factor to PHT is an 
increased blood flow in the portal venous system. 
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This is because of splanchnic arteriolar [Vasodila- 
tation (48, 49). The increase in bloo- 
responsible for the maintenance and 
gravation of the portal hypertensive s^. 
conditions of increased IHVR, for hi 
venous inflow per se is not sufficient 
PHT in the face of a healthy compliant 
High portal inflow also explains why 
sists despite the presence of an extensive 
network that may divert up to 80% of l 
blood flow (48). The splanchnic arterio 
dilation is because of increased levels c 
mg vasodilator substances and reduced 
( hyporesponsiveness*) to vasoconstrictors 
Early studies mainly focused on the 
circulating vasodilator substances of 
origin such as glucagon, vasoactive 
peptide, bile salts, platelet-activating fL, 
stance P, calcitonin gene-related peptidi, altrial 
natriuretic peptide, etc. (51), because thei? agents 
accumulate in chronic liver disease as a Scfesujt of 
reduced hepatic metabolism and/or i 
portosystemic shunting (52), The stron, 
dence concerns glucagon, whereas for c 
stances controversy still exists (52-56). 
plasma glucagon levels are present in 
patients and in portal hypertensive rat . 
and a partial decrease of the splanchnic 
aemia has been obtained by infusion of ' 
antibodies or of somatostatin in portal 1. 
sive rats (57-60). Splanchnic hyperaemia 
obtained when glucagon levels were inci 
healthy rats to values found in cirrhotic r 
Hyperglucagonaemia would account for 
of the splanchnic vasodilation in the 
portal hypertensive state (58). These dats; 
support a pathogenetic role for glucago 
favour the use of somatostatin in the trea " 
variceal haemorrhage. 

Paracrine vasoactive substances prod 
the splanchnic vascular endothelium, sue 
^ni prostacyclin, are also implicated in Chi 
genesis of the portal hypertensive syndr 
inhibition of respectively NO and pr< 
synthesis as well as removal of the endo 
corrects, in large part, splanchnic and 
haemodynamics in portal hypertensive 
61). Moreover, crosstalk exists betwee^ 
patiiways (61). For the excess of NO in 
splanchnic and systemic circulation, it h is 
previously assumed that the inducible isolpnH 
NOS (iNOS) was responsible. This wa4 
on the hypothesis of Vallance and 
(62), who proposed that endotoxaemia, 
times present in cirrhosis, induces 
iNOS in vessel walls. However, this ^ 
could not be validated because iNOS 
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significantly upregulated in the splanchnic and 
systemic vasculature of cirrhotic animals and 
because dexamethasone, known to inhibit iNOS 
expression, did not prevent the hyperdynamic 
circulation to develop (63, 64). The major eixzy- 
matic source of the vascular NO overproduction 
was shown to be eNOS (63-66). An important 
role m the upregulation of eNOS in this context 
has been attributed to chronic increases in shear 
stress stimulation in endothelial cells as a t^sult of 
the increased portal tributary blood flow ajid the 
hyperdynamic circulation (67-69). The pathoge- 
netic relationship between shear stress and arter- 
ial vasodilation was further reinforced by the 
observation that long-term p-blockade in partial 
portal vein-ligated rats corrected arterial hypor- 
eactivity to vasoconstrictors and systemic eNOS 
overexpression, suggesting possible mechanisms 
of action of p-blockade either indirectly by de- 
creasing cardiac output by pi receptors or 
through a direct vascular P2 effect (67). In addi- 
tion to shear stress, several other factors, such as 
vascular endothelial growth factor (70, 71) and 
pro-iriflammatory cytokines (72) have also been 
associated with enhanced systemic eNOS activity. 
Of particular interest is the work by Wiest et al. 
(72), who have shown that tumour necrosis 
factor-a CTNF-a), a pro-inflammatory cytokine, 
was induced in mesenteric lymph nodes by bac- 
terial translocation and accumulated in the serum. 
This TNF-a production was associated With 
elevated levels of tetrahydrobiopterin (BH4), a 
TNF-a-stimulated co-factor and enhancer of 
eNOS-derived NO biosynthesis in mesenteric 
vasculature, and establishes a link between pro- 
inflammatory cytokines and eNOS-derived NO 
production in the absence of inducible NOS. 

In addition to NO, CO was also suggested to 
participate in the mesenteric vascular hypore- 
fiponsiveness of portal hypertensive rats (73). 

These pathophysiological insights form the 
basis to use vasoconstrictors such as vasopressin^ 
somatostatin and non-selective adrenergic p- 
blockers in the treatment of PHT 



The hyperdynamic circulation 

In a more advanced phase, patients with cirrhosis 
and PHT exhibit a typical 'hyperdynamic' circu- 
lation with increased cardiac output, heart rate 
and plasmavolume and decreased arterial blood 
pressure and systemic vascular resistance (74). 
These haemodynamic changes are initially in- 
duced by splanchnic and later on by peripheral 
vasodilatation, leading to reduced systemic vas- 
cular resistajxce and an abnormal distribution of 
the blood volume with a reduced central or 
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effective' blood volume as key ekpienlts 
basis for this phenomenon is thought 
either from the presence of excess 
vasodilators that escape hepatic deg«« 
bypass the liver through portosystemfe 
or from increased shear stress in tie 
circulation, as discussed above (67-^, 
low arterial pressure and central hy ' ' 
lead to the activation of several cou 
tory systems, such as the RAAS, the 
nervous system and the non-osmoti| 
arginine vasopressin, in an attempt t 
stable perfusion pressure by means 
striction and sodium and water ret 
above-mentioned *hyporesponsivene, 
splanchnic vascular wall to vasoconstr! 
explains why the hyperdynamic ciri 
creases with progression of the disease 
increasing activation of these homeoltati(t 
constrictor systems (74), Furthermore 
activation of these systems appears to 1 
active component of intrahepatic resi 
promotes vasoconstriction with isch 
subsequent formation of oxidative stre 
tial end organs. This complex interpli 
enhanced vasodilatation in one vascull 
and vasoconstriction in another, pla 
role in the development of the mul 
turbance in cirrhosis (76). This diveu 
cular feactions within one cirrhodc pi 
either be owing to locally increasing 
endogenous vasoconstrictors compareSi , 
vasodilators, relative 'underfilling* of ite 
lated systemic circulation or a change m 
reactivity (74, 75). The presence and ^ . 
the hyperdynamic circulation in pamfents 
cirrhosis may significantly affect the j 
prognosis on a short-term basis. Several _ 
have already emphasized the relation b :twe 
degree of arterial hypotension in cirrho 3 is 
severity of hepatic dysfunction, hepaiSc 
pensation and survival (77, 78) 




Future potenlial strategies in the treatmeii 

Based on the pathophysiology, several 
cal) pharmacological strategies can be 
(Table 1). Ideally, a drug should decre 
while maintaining or enhancing hep; 
flow. Furthermore, the vasodilatory 
this drug should be limited to the hepi 
circulation to prevent a worsening in splandhnic/ 
systemic vasodilatation. If this drug cduld 
tionally also be capable of decreasing; 
fibrosis and improving fiver function, 
would be invaluable in clinical practice 
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Table 1. Pharma&oBtfateflies in porta) hyperte nsion 

1. Airning to decrease increased rntrBhdpatic resistance: 
Active, oynamic resistance 

1. Increase Inlraheoatic NO DioavailabiUty 

a. Currently used: i50sorblde'5-mt»nonitrate and 

dlnitrate, nlttojJycerfn 

6. Future potential strategies: 

Gentf transfer with 0NOS or oo-fac(or Akt 

Statins 

Selective hepatic WO delivery: V-Pyrro-NO 
NO-ursodeoxycliodc acid, etc. 
Decrease Intrahepatic NO-dc^radatron to ONOO" by 
Increasing anti-oxidans capacity 

2. Increase rntrahspatic CO (?) 

3. Antagonize effect of excess of Intrahspatic 
vasoconstrlctrve substances 

a. Endothellh«>1 antagonism 
Bosentan 

Newly developed ET-bloclars: Tezosenian 7 

b. Angloiensin-ll 

Seleclivs AT-ll-blockers: Losartan, etc. 

c. Adrenergic anlasonists 
Prazusin (cc-1 -blocker) 

Carvedllol (combined and non-seiective 6-blbcker) 

d. Somalostaiin-receptor-l an&rogues 

Passive resistance moduiation; anti-librollo drugs (?) 
2, Aiming to decrease splanchnic hyperaemla 

a. Non-selective p-0>ockers 

b. Vasopressin and Its analogues 

c. Somatostatin and sonnatoslalin analogi/es 
Sustained-release preparations for chronic use? 



Decrease the increased IHVR 

Selective increase of intrahepatic NO 
As the intrahepatic NO deficiency has been at- 
tributed to a decreased activity of eNOS, sub- 
stitution of the deficient enzyme or another 
isoform would seem the next logic step. Both 
the endothelial and neuronal NOS isoforms were 
transfected to cirrhotic rats using gene transfer 
(38, 79). This resulted in increased NO synthesis 
and lowered portal pressure without systefm'c 
haemodynamic side effects (38, 79). However, 
because of the transient expression when using 
an adenoviral vector and potential safety hazards 
such as ihe potential hepatotoxicity and the 
immunogenic character of currently used viral 
vectors in humans, this approach does not yet 
seem applicable dinically (80). Nevertheless, this 
approach not only clearly proves the major 
haemodynanuc role of eNOS in the pathogenesis 
of PHT but it also provides 'proof of principle' 
that therapeutic strategies aimed at increasing 
mcrahepatic NO content are useful, A similar 
rationale resulted m successful gene transfer 
with Akt, which is a deficient intrahepatic co- 
factor of eNOS (40). 

A next strategy is to increase intrahepatic NO 
by the use of statins. Besides lowering lipids, 
statins are known to increase Akt activity and 
thus NOS activity. This has proven to be correct 
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in a recent pilot study in which simvas|^tin|' 
able to enhance hepatic NO produc 
decrease hepatic sinusoidal resistance, 
attenuate the postprandial increase' 
pressure in cirrhotic patients (81), Addliiv^* 
statins might have a direct inhibitory Iffect 
HSC contraction, presumably by decreas 
dative stress and by decreasing the int?^ 
isoprenoids such as famesylpyrophosp^ 
geranylgeratiylpyrophosphate. Isoprenoi' 
pid attachments involved in the posttra 
modification of ntmierous proteins, 
others, the y unit of heterotrimeric G-pj, 
Rho, which is involved in pro-contractil 
transduction in the HSC (82), 
^ Finally, new liver-specific NO donors ai 
investigation. A first hepato-selective NO 
V-pyrro/NO, was reported to decreasi; 
pressure in a portal hypertensive anim J 
(83). However, questions have arisen coji 
its liver selectivity (49). A next promising if uiei 
is an NO-releasing derivative of ursodeodych 
acid. However, insufficient data are avaj:* 
present to draw firm conclusions (84-86) 
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Another rationale is to prevent degrad itioik of 
intrahepatic NO to peroxynitrite by sujirojide 
by increasing the anti-oxidans capacity (4;^. E ae- 
rodynamic studies in anaesthetized rJ<s vith 
extrahepatic PHT showed that chronic d^mijiis- 
tration of iV-acetylcysteme, a pro-drug[ 
tathione, prevented the development of th :| pokal 
hypertensive syndrome (87). The same ^utihlors 
extended their findings to a cirrhotic rat 1 
PHT by administrating lipoic add, a ihiol-cbn- 
taining antioxidant with additional iron-clitlatbg 
and lipid peroxidation-inhibiting prOperrfes, a nd 
found that in biliary cirrhotic rats the ^velop 
ment of the hyperdynamic circulation coi^ 
be prevented (88). Furthermore, this w^ as 
ciated with a decreased synthesis of syste4 e ^ 
These finduigs, however, have not been coA firiiied 
in humans. ' 

Antagonize intrahepatic vasoconstrictors 
Antagonizing ET-1 also seems a reasonable str^t^ 
egy. From a pharmacological point of vie4, sr, 
antagonists and ET^ agonists would be th6 mole 
cules of choice. However, in contrast to a<:<)epled 
thinlcing, ETb stimulation with the pui^ ElT] 
agonist sarafotoxin caused a greater increase 
portal pressure in cirrhotic rats than in Ijntjol 
rats (89) Further studies with mixed ETL- 
antagonists resulted in incompatible resuws 
sentan decreased portal pressure (90, 91), v| it 
a second-generation mixed antagonist 
5695 did not affect PHT and even worsen^Si u 
fibrosis (92). Selective BTa antagonises, sLch 
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LU 135252 and FR 139317, also led to conflicting 
data (89, 93). More studies are clearly needed. A 
further concern has been the observation that 
treatment with ET antagonists for pulmonaiy 
hypertension led to liver impairment in 10% of 
patients treated (94). New ET blockers with less 
hepatic side effects are announced. 

A further step in decreasing vasoconstrictive 
hyperactivity in the injured hver is the use of 
angiotensin blockade. Activation of the RAAS is 
a frequent finding in patients with cirrhosis, espe- 
cially in those with more advanced disease where 
the levels of AT-II correlate with the degree of 
systemic arteriolar dilation and with sodium reten- 
tion (51, 76-78). Studies with angiotensin-convert- 
ing enzyme (ACE) inhibitors in the 1980s 
although resultmg in lowered HVPG, were dis- 
couraging because of a marked decrease in the 
mean arterial pressure and a subsequent further 
worsening of the hyperdynamic drculation (33). 
The reasons why ACE inhibitors are less successful 
in the treatment of PHT are thou^t to be three- 
fold (95). Firstly, there seems to be a genetic 
polymorphism in ACE and AT-H, leading to large 
differences in different studies. Secondly, AT-II 
returns to basal levels during chronic inhibition 
probably by local generation of AT-H under the 
influence of chymases. Thirdly, chronic ACE in- 
hibition might lead to increased endothehal 
NO and PGE2/PGI2 release. However, the docu- 
mentation of the expression of AT-1 receptor on 
HSCs by Bataller et al. (34). together with the 
development of selective ATJl-receptor blockers, 
renewed the interest in the approach to inhibit the 
RAAS. In a non-randomized study in portal 
hypertensive patients, losanan, a typical AT-II- 
receptor blocker, caused a marked reduction in 
portal pressure with minimal systemic hypotension 
and adverse events (96), Unfortunately, these 
remarkable findings were not confirmed in subse- 
quent randomized-controHed trials, ia which AT- 
II blockade with irbesartan or losartan had only a 
sUght or no effect on portal pressure, while it 
decreased the arterial pressure and the glomerular 
filtration rate (97^99). These agents are therefore 
dangerous in advanced cirrhosis, but may still 
have a role in preventing the progression of 
hepatic fibrosis m early stages of the disease (100). 

A third approach in this context would be to 
induce adrenergic antagonism, either by means of 
an <X2-adrenergic antagonist or a combined a- and 
^-blocker. Prazosin, an cci-adnenergic antagonist 
was shown to markedly reduce the IHVR in 
treated cirrhotic patients not only by a reduction 
in HVPG but also by an increase in hepatic blood 
flow (101). However, the lack of liver selectivity 
resulted in a significant reduction in arterial pres- 

1086 



P. 12' 



sure and systemic vascular resistance I jThik in turn 
led to a further activation of endogeiiouj viasoac- 
tive systems, with plasma volum^l 
sodium retention and in some cases, ik 
of ascites (102). These findings disco^fas^u 
as monotherapy in the treatment ofjPfrr 
estingly enough, these adverse effeJ|s 
attenuated by the combined admii 
prazosin with propranolol (102). TiMs 
proach showed even more effectivejoiss j 
cing HVPG than the association of proiu 
plus ISMN (103). This drug combiiiitio]i 
fore needs further assessment in 
controlled trials. 

Carvedilol combines non-seleotive p « 
properties with apantagonistic proplties 
effects, although not fully defined, ] re 
channel antagonism at high dosages fe nd 
idant effects (104). Carvedilol is two- to 
more potent than propanolol in its p-b.^ 
profile and has less ai-antagonist acitiviiy 
prazosin (105). Given this unique phJfma' 
profile, the potential exists for carvedilBl to 
PHT by decreasing the IHVR via itsi cxr 
nist acitivity as well as by decreasing spl 
hyperaemia through its non-selective p-b 
properties. Trials assessing the effec^ on 
pressure resulted in a mean reduction c|r 
16-43% after single and multiple doses 
When compared with propanolol, e( Iial 
hanced efficacy in lowering HVPG wa^ 
However, the proportion of patients (L.,,, 
symptomatic hypotension was significa Atly 
in patients treated with carvedilol, e^ 
patients with Child-Pugh B or C drrhHsis 
suggested that the efficacy and advers 
carvedilol could be dose related (105). 
multiple-dose trials comparing carvrSilo 
propanolol are needed to fully recogni^ 
of carvedilol in the treatment of PHT. 

A fourth proposal might be the usfe of soma- 
tostatin analogs. Somatostatin has learr ed its 
plice in die treatment of acute variccll bl(ieding 
by its ability to reduce portal pressur s by 
cing splanchnic hyperaemia and gastrc 
geal collateral blood flow (106). Th^ 
these effects on the splanchnic circxflatii 
attributed to the capacity of somat: st£. 
inhibit glucagon and other gastrointes mal 
dilatory peptides, but a direct action o 
smooth muscle has also been propo 
Recently, five somatostatin receptors 
cloned, termed SSTRl to SSTR5 (.^,, 
Information regarding the distribution of 
SSTRs is scarce but a predominant exf tessi 
SSTR2 seems to be present in pancreatic 
and presumably also in the spIanchnic]arte|:iolax 
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system. This would explain the effect of somatos- 
Utin on the splanchnic flow via, on ihe one hand, 
SSTIl2-inediated glucagon suppression, and a 
potentiatioli of protein kinase C-dependent vaso- 
constrictors on mesenteric vascular smooth mus- 
cle ceUs on the other (109). With regard to 
intrahepatic effects, it was observed that soma- 
tostatin is able to increase hepatic vagal nerve 
activity with hepatic sinusoidal dilatation as a 
result (110). Additionally, Reynaert et al. (108) 
showed that rat HSCs express SSTR subtypes 1-3 
and that preincubation with somatostatin was 
able to mhibit ET-l-induced HSC contraction 
Via activation of SSTRl. This provides the pro- 
spect of lowering the increased IHVR via selective 
stimulation of the SSTRl receptor. 

Decrease splanchnic blood flow 

Minor progress has been made in treating 
splafichnic hyperaemia and the hyperdynamic 
circulation. Non-selective p-blockers, terlipressin 
and somatostatin, have been used for this pur- 
pose, but the latter two can only be given par- 
enterally and on a short-term basis, leaving us 
with 3-blockers as the sole usable drug on a long- 
term basis (111). The development of sustained- 
release preparations for chronic use is awaited, 
but long-acting somatostatine derivatives did not 
prove to be very helpful (109). The effort to block 
the pathogenetic excessive NO release in the 
systemic and splanchnic circulation, showed, ex- 
perimentally (112, 113) as wen as in human 
studies (114), that the hyperdynamic circulation 
and splanchnic hyperaemia could be attenuated 
but without a decrease in portal pressure, sug- 
gesting that an increase of intrahepatic resistance 
was produced at the same time. The latter origi- 
nates presumably from a further aggravation of 
the intrahepatic NO deficiency because of a gen- 
eralized effect on NOS. 

Summary and pfeispeciives 

Complications of PHT are responsible for dis- 
abling morbidity and mortality in patients with 
cirrhosis. Decreasing portal pressure has therefore 
become a major target in treating these patients. 
Currently, therapy will at least temporarily remain 
limited to the use of these P-blockers because of 
the lack of valuable alternatives. The main concern 
of these drugs, however, is the fact that only half of 
the patients achieve the preset haeraodynamic 
goals and the potential further impairment of liver 
function because of decrease in total the hepatic 
flow. Therefore, expansion in the knowledge of the 
pathophysiology of PHT is urgently needed as this 
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might provide new and useful strategies 
future. Currently, some of these new phl^ 
trategies have already reached the clinic 
being currently tested for efiScacy and iLj 
The main drawback at present, however, 
lack of (hepato)selectivity, which is nee- " 
of the paradoxal hacmodynamic ntra 
hepatic characteristics. 
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